Introduction: Direct oral microscopy constitutes a novel, non-invasive diagnostic technique, which aids clinical examination of the oral cavity. The oral mucosa is examined at multiple magnifications and features such as subepithelial mucosal vessels, surface patterns, colour tone, transparency and the exact demarcation of mucosal lesions are estimated. The incidence of oral squamous cell carcinoma (OSCC) oscillates between 1.9% and 3.5%, which makes it the eighth most common carcinoma occurring around the world and in Poland. The 5-year survival rates oscillate between 20% and 30%. Aim: The aim of the study was to evaluate clinically unchanged mucosal margins around OSCC by direct oral microscopy. The authors approached the question whether the borders of mucosal margins around OSCC established via direct oral microscopy differ from those established based on clinical examination. Material and methods: Fifteen patients diagnosed with OSCC were enrolled. Patients were first clinically examined to evaluate the extent of the tumour and to plan resection margins. Eventually, direct oral microscopy was performed to establish the width of the subclinically unchanged mucosal margins based on a standard picture of healthy oral mucosae, followed by comparison with those established by clinical evaluation. Results: Histopathologic results of biopsies from areas indicated by direct oral microscopy revealed dysplasia in 86.7% of patients, whereas biopsies from areas indicated by clinical examination revealed dysplasia only in 40% of individuals, resulting in the need for widening of mucosal margins. Conclusions: Direct oral microscopy enables detection of dysplasia within clinically unaltered mucosal margins around OSCC, which results in more precise establishing of resection boundaries, contributing to improvement of resection totality.
Introduction
Direct oral microscopy constitutes a novel, as yet sporadically utilised, non-invasive diagnostic technique, which aids clinical examination of the oral cavity [1] . The basic principles of this method derive from colposcopy, a common diagnostic tool in gynaecology, and dermoscopy, which is utilised in clinical evaluations of skin lesions. The oral mucosa is examined microscopically at multi-According to the literature, the incidence of oral squamous cell carcinoma (OSCC) oscillates between 1.9% and 3.5%, which makes it the eighth most common carcinoma occurring around the world [3] and in Poland [4] . However, statistics concerning the treatment outcomes of the disease remain much more frightening. Despite its clinically accessible, non-diagnostically challenging primary location (oral cavity) as well as a wide variety of diagnostic tools and different schemes of surgical or systemic treatment or radiotherapy or combinations thereof, 5-year survival rates barely reach 20-30% [4] . Various reasons are proposed to explain the problem. One of these is late diagnosis, after the tumour has already disabled normal functions of the oral cavity, causing patients' discomfort. Usually, by that point the disease has spread regionally, with metastases present in cervical lymph nodes. It is believed that such a condition primarily decreases the prognosis by 50% [5] . However, subclinical and dysplastic lesions herald the development of invasive OSCC [6] [7] [8] . Correct diagnosis at that level enables definitive treatment of the disease, preserving normal function of the oral cavity, as well as avoiding aesthetic defects within the head and neck region.
Understanding the early stages of carcinogenesis in oral epithelium and typical clinical locations of cancers in the upper aerodigestive tract is not possible without commenting on the fields of cancerisation (FC) theory, described by Slaughter et al. [9] in 1953. First, it was applied to cancers in the head and neck region, including oral cancers, but further research revealed that it also relates to neoplasms in other anatomic regions, such as the larynx, lung, skin, breast and genital tract [10] [11] [12] . The basic principle of FC theory is the fact that oral cancer develops not from a single atypical dividing cell but its growth occurs in multiple locations simultaneously within precancerous lesions, and those locations (often recognized as independent foci of cancerous transformation) may eventually merge into one clinically visible primary tumour, or they may occur as separate multiple tumours at the same level of development when the treatment is started [11, 12] .
What is more, according to FC theory principles and concordant clinical and histopathologic observations, the macroscopically healthy tissue between multiple tumours and tissue surrounding single primary tumours present histologically distinct grades of dysplasia, which also explains relatively frequent local recurrences or even so-called second primary tumours (SPT) that may occur even several years after histologically proven radical resection of a primary tumour [11, 12] .
Aim
With regard to the above considerations, the aim of the study was to evaluate clinically unchanged mucosal margins dissected around invasive OSCC by direct oral microscopy according to colposcopic criteria: sub-epithelial mucosal vessels, surface patterns, colour tone, transparency and demarcation boundaries of mucosal margins. The authors approached the question whether the borders of mucosal margins around OSCC established via direct oral microscopy differ from those established based on clinical examination with the naked eye.
Material and methods
Adult patients of both genders, aged 46-81 (mean age: 63.5-year-old) referred to the Outpatient Office of Maxillofacial Surgery and the Ward of Maxillofacial Surgery in the Department of Otolaryngology, University Clinical Centre in Gdansk, Poland, due to invasive OSCC were included in the study. A total of 15 patients (9 males, 6 females) were examined and a special attention was given to estimation of healthy mucosal margins around invasive tumours. Every patient had histopathologically proven invasive OSCC.
The control group consisted of 15 patients of both genders (9 males, 6 females), aged 49-61 (mean age: 55-year-old), presenting clinically with unchanged oral mucosae, who were treated for trauma to the maxillofacial skeleton or cystic intra-bone tumours.
Information concerning general health, smoking habits, alcohol consumption and other addictions was collected for every patient.
Prior to commencing the study, every patient gave written consent to the clinical examination, direct oral microscopy and biopsies after having been informed about the procedures and aim of the study.
The study design was accepted by the Institutional Review Board of the Medical University in Gdansk (NKEBN/137/2011).
Patients diagnosed with invasive OSCC were first thoroughly examined under a halogen lamp with the naked eye to evaluate the extent of the tumour, the possible presence of satellite tumours and to plan resection margins. Eventually, direct oral microscopy was performed in a darkened room in order to establish the width of the subclinically unchanged mucosal margins based on a standard picture of healthy oral mucosae (control group), followed by a comparison with those established by clinical evaluation with the naked eye. Finally, the proper width of the mucosal margins around invasive OSCC was determined and surgery was performed. In direct oral microscopy the sub-epithelial mucosal vessels, surface patterns, colour tone and transparency as well as the exact demarcation boundaries of mucosal lesions based on the morphology of sub-epithelial capillaries were estimated.
All biopsy specimens obtained from mucosal margins after tumour resection were estimated in terms of dysplasia of oral squamous epithelium.
Post-resection specimens were evaluated in terms of the totality of the ablation and histopathologic disorders within mucosal margins, which were established based on both clinical examination with the naked eye and direct oral microscopy.
Patients from the control group were first thoroughly examined under a halogen lamp with the naked eye in order to confirm clinically unchanged oral mucosae. Direct oral microscopy was subsequently performed in order to establish the standard picture of healthy oral mucosae according to the colposcopic criteria mentioned above.
Statistical analysis
Differences in the intensity of particular features observed in the pictures were estimated according to an established numeric scale, where "0" meant the absence of the feature, "1" meant slight/weak presence of the feature, "2" indicated moderate intensity of the feature and "3" indicated a severe intensity of the described feature. Differences between particular groups of features or alterations visible in direct oral microscopy compared to unchanged oral mucosae were estimated using the Mann-Whitney U test. The correlation between the most severely expressed feature via direct oral microscopy and the intensity of the remaining features was estimated using Spearman's range correlation ratio test (r parameter). Differences in the incidence of dysplasia between specimens collected based on direct oral microscopy and clinical examination were estimated using the test for the two indicators of structure. A p value less than 0.05 was considered statistically significant. Statistical analysis was performed using Statistica 10 PL software (StatSoft, Poland).
Direct oral microscopy was performed using a Leisegang colposcope, model BG/LED Y/C type 3ML (Leisegang, Germany). Photographs were taken with a Canon EOS 500D digital camera equipped with a Canon Macro 100 mm lens (Canon, Japan). An Apple iMac computer with Mac OS X software (Apple, CA, USA) was utilised for the analysis, processing and archiving of pictures.
Results
In this study, direct oral microscopy was performed to examine clinically unchanged mucosal margins of invasive OSCC prior to resection in order to estimate their proper width preoperatively. Fifteen patients were examined utilizing colposcopic criteria to evaluate the oral mucosae surrounding the tumours. In all cases, abnormal patterns of sub-epithelial blood vessels were noted. Nine (60%) patients revealed punctuated capillaries (Figure 1 ), whereas 6 (40%) patients presented pathologic capillaries of the first degree according to Madej, which were branched, twisted and formed as a result of adaption of physiologic capillaries due to angiogenic factors produced by the tumour (Figure 2 ). According to colposcopic criteria, such a picture of sub-epithelial vessels heralds the presence of moderate to severe dysplasia or even already occurring malignant transformation.
All (100%) patients presented with smooth, planar surface of mucosal margins around invasive OSCC, without features of hyperkeratinization and desquamation. Moreover, the surface of the mucosal margins was moist and shiny, similar to healthy oral mucosae ( Figure 3 ).
The colour of mucosal margins was rosy to red. Among 15 cases, 8 (53.3%) patients presented with rosy colour of marginal mucosae around invasive OSCC (Figure 4) . The remaining 7 (46.7%) patients revealed redness of mucosal margins around invasive tumours, most probably due to co-existing inflammation ( Figure 5 ).
Marginal mucosa revealed partial to total transparency by direct oral microscopy. In 10 (66.7%) patients, evaluation of sub-epithelial capillaries was possible without application of a green filter ( Figure 6 ), whereas the remaining 5 (33.3%) patients had sub-epithelial vessels that could be assessed using a green filter (Figure 7) .
The boundaries of mucosal margins around invasive OSCC were described as areas, where subclinical mucosal disorders were not visible by direct oral microscopy according to colposcopic criteria. Clinically it was understood as a situation, when correct sub-epithelial capillary patterns appeared. Based on that condition, all (100%) patients with invasive OSCC had mucosal margin boundaries described as irregular and unevenly proceeding into colposcopically unchanged oral mucosae (Figure 8 ).
Statistical analysis of the intensities of particular estimation parameters according to direct oral microscopy (sub-epithelial mucosal vessels, surface patterns, colour tone, transparency, exact demarcation boundaries) revealed significant differences from the established standard for oral mucosae except in terms of surface patterns (p = 0.99) and transparency (p = 0.21). The remaining parameters differed significantly from the established standard of oral mucosae via direct oral microscopy (p < 0.05 for each parameter). The combination of disorders within mucosal margins around invasive OSCC compared to the standard picture of oral mucosae evaluated by direct oral microscopy is presented in Table 1 .
In 9 (60%) out of 15 patients examined, histologic signs of moderate dysplasia were revealed in biopsies from mucosal margins around invasive tumours, whereas 4 (26.7%) patients showed severe dysplasia, although the biopsied areas presented clinically as healthy oral mucosa ( Figure 9 ). Biopsies were obtained from sites indicated by direct oral microscopy. In other words, 13 (86.7%) out of 15 patients presented features of dysplasia within mucosal margins around invasive OSCC, which were established clinically with the naked eye ( Table 2) .
Compared to the results mentioned above, when biopsies were taken based on clinical evaluation with the naked eye, histologic features of moderate dysplasia were detected in 4 (26.7%) individuals, whereas severe dysplasia was present in 2 (13.3%) patients. In total, 40% of patients presented histologic signs of dysplasia in evaluation with the naked eye revealed a significant difference between these two methods, with direct oral microscopy being the more sensitive (p = 0.0079) ( Table 3) .
Evaluation of the prognostic value of each colposcopic criterion in the oral mucosae examination with regard to dysplasia frequency revealed that estimation of subepithelial vessels proved to be the most reliable. Punctation vessels ( Figure 10 ) and pathologic vessels of the first degree according to Madej (Figure 11 ) were most often observed around invasive tumours.
Direct oral microscopy of marginal mucosae around invasive OSCC revealed sub-epithelial vessels in all 15 (100%) patients. Besides the punctation vessels (60%) and pathologic vessels of the first degree according to Madej (40%), mentioned above, another group of the latter ( Figure 11 ) was observed at a considerable distance from the marginal mucosae in 12 (80%) individuals. The remaining 3 (20%) patients revealed a separate group of punctation vessels ( Figure 12 ) in an area distant from the marginal mucosae. Spearman's range correlation ratio test showed a strong positive correlation between atypical sub-epithelial vessels observed around invasive tumours and the disorders of marginal mucosae seen by direct oral microscopy (r = 0.72; p < 0.05).
Discussion
In vivo imaging techniques are increasingly popular in modern medicine. The constant progress in biomedical engineering technologies is generating more accurate results, which in turn improve the clinical evaluation of patients and histopathological specimen interpretation. To date, these methods have been successfully applied in specialities such as gynaecology and dermatology. Colposcopic examination together with dye testing is routinely performed to improve clinical gynaecological evaluations, and has been recognised as crucial in cases of incorrect or unsatisfactory cytology of the uterine cervix [13] . The long-term application of colposcopy in a wide range of gynaecologic diagnostic tools, as well as the availability of increasingly more sophisticated equipment, has contributed to the relatively high sensitivity and specificity of this diagnostic method [14] .
Dermatoscopy (epiluminescence microscopy, ELM) has achieved a similar significance in dermatology. The particular effectiveness of this method was demonstrated in the diagnosis of melanocytic lesions, skin cancers and melanomas, as well as in clinical differentiation between benign skin lesions and those suspected of malignant transformation [15] . The use of dermatoscopy to diagnose oral mucosal melanocytic lesions has also been reported [16] [17] [18] [19] . This method was shown to be particularly effective for estimating the borders of pathologic lesions [20] .
Technological progress in recent years has resulted in the development of sophisticated tools dedicated to In a group of 15 patients with histopathologically proven invasive OSCC, direct oral microscopy was applied to estimate clinically unchanged oral mucosae around tumours in order to establish the proper margins of resection. All patients presented sub-epithelial vessels with pathologic architecture in direct oral microscopy of the area of clinically unchanged oral mucosae. These were usually either punctation capillaries or pathologic vessels of the first degree according to Madej. The sizes of these vessels usually enabled their observation in white light; nevertheless, application of the green filter facilitated the accurate study of their morphology. In this group of patients, colposcopic pictures of invasive uterine cervix cancer served as a reference, with a special focus on subepithelial vessels around tumours. Punctation capillaries and dilated, twisted and extensively branched pathologic vessels of the first degree are, according to Madej, dominant in colposcopic pictures of uterine cervix cancer [21, 22] . In advanced cervical cancers, pathologic vessels of the second degree are also present [22, 23] . These are de novo emerging endothelial pipes or elongated capillaries, which are stimulated by angiogenic factors produced by the tumour. Such vessels are better evaluated in the green filter applied to the white light source.
The surface of the marginal mucosae around invasive OSCC was smooth in all patients, without any features of epithelial hyperkeratinization. In colposcopic pictures of cervical cancer, the marginal mucosa was also pathologically unchanged, with a smooth, non-folded surface, without features of epithelial hyperkeratinization and desquamation [24] . These findings are equivalent to the picture obtained by direct oral microscopy. The marginal mucosa was properly moist and shiny both by direct oral microscopy and in colposcopy, i.e., it was clinically healthy.
The colour of the marginal mucosae by direct oral microscopy was rosy to red. The red colour was probably a sign of co-existing inflammation, where underlying vessels were overloaded with blood and the underlay itself was filled with inflammatory exudation. Such a situation was observed in almost half of the patients (46.7%). Comparing these observations to colposcopic pictures of cervical cancer marginal mucosae, the latter was pale rosy to rosy [25] . Hyperaemia of the underlying tissues and resulting redness of mucosae surrounding cervical tumours was stated in cases of co-existing colpitis [24] .
In direct oral microscopy of marginal mucosae around invasive OSCC, total transparency of the mucosae was noted in most cases, so observation of sub-epithelial structures was possible in white light. Such a condition could also have been due to thinning of the squamous epithelium in that area. Only one third of the patients needed application of the green filter to evaluate subepithelial structures within oral marginal mucosae. Colposcopic evaluation of mucosal margins around invasive cervical cancers revealed a slightly decreased transparency in the cervical mucosae in its vaginal portion compared to oral marginal mucosae [24, 26] . However, in some cases, observation of sub-epithelial structures in cervical mucosae is also possible without a green filter, thus reduced transparency in that area is not always evident. In cases where observation of sub-epithelial structures in cervical cancer margins was not possible in white light, application of a green filter remains helpful, most often revealing the pathologic vessels mentioned above [23, 24] .
In order to establish the extent of mucosal margins around invasive OSCC, the correct picture of sub-epithelial vessels (network or hairpin capillaries) by direct oral microscopy was set as the exact placement of the boundaries. Based on that parameter, the shape of the border was irregular in all cases; however, in every case, margins established by direct oral microscopy were wider than those estimated based only on clinical examination. Colposcopic observations of cervical cancer enable very accurate estimation of tumour infiltration, especially when acetic acid is applied in the trial, which results in secondary whitening of the lesions in most cases [24, 27] . However, estimation of mucosal margins around cervical cancer infiltration becomes less evident when an accurate picture of subepithelial vessels (network or hairpin capillaries) is taken into consideration. Under such circumstances the irregular shapes of cervical mucosal margins and their unclear transition into a colposcopically correct picture of the vaginal portion of uterine cervix become evident [22] . In extensive exophytic cervical tumours, a colposcopic picture of healthy marginal mucosae may be impossible to obtain [22, 25] . Analysis of reports concerning the effectiveness of dermatoscopy in the diagnosis of genital tumours revealed that in cases of invasive vulvar tumours the marginal mucosa contain strongly branched, dilated and elongated pathologic vessels, similar to the margins of invasive OSCC seen with direct oral microscopy and cervical cancers seen in colposcopy. Based on these findings, the borders of mucosal margins around vulvar tumours present irregular shapes [28] .
Statistical analysis concerning the intensity of particular estimation parameters in direct oral microscopy of mucosal margins around invasive OSCC compared to healthy oral mucosae revealed no differences only in the flatness of the surface and the transparency of the oral mucosae. The remaining parameters revealed statistical differences between marginal mucosae around invasive OSCC and healthy oral mucosae via direct oral micros-copy. This may constitute additional evidence for the advantage of direct oral microscopy over routine clinical examination for in vivo evaluation of tissues around invasive cancers.
Histopathologic evaluation of marginal mucosae specimens around invasive OSCC obtained from sites where direct oral microscopy revealed an atypical picture of sub-epithelial capillaries showed signs of epithelial dysplasia in 86.7% of patients. Moreover, the biopsied sites were clinically estimated as healthy mucosae and the boundaries of the resection were primarily planned within those areas. Such a strategy could result in retaining dysplastic oral epithelium after surgery, thus increasing the risk of local recurrence or development of second primary tumours. Numerous reports concerning the histopathologic presence of various grades of epithelial dysplasia in marginal clinically healthy mucosae around invasive OSCC are available in the literature. They are in accordance with Slaughter's theory of fields of cancerisation mentioned above [8] [9] [10] [11] [12] [29] [30] [31] [32] [33] . In light of this direct oral microscopy may become a useful tool in establishing borders between sub-clinically altered marginal oral mucosae -where it is extremely difficult to detect any disorders with the naked eye -and healthy tissue. In support of this idea, biopsies obtained from clinically unchanged marginal oral mucosae based on clinical examination with the naked eye revealed signs of moderate to severe epithelial dysplasia in only 40% of patients, i.e., less than half the rate noted in specimens based on direct oral microscopy; the difference was statistically significant. On the one hand, such results may constitute an additional reason to utilize direct oral microscopy to estimate the width of mucosal margins prior to tumour resection. On the other hand, these differences help to clarify that invasive OSCC should not be treated as a tumour with dimensions that can necessarily be measured by either clinical or contrast radiologic examination. The overall evaluation of the tumour's influence on oral tissues and the resulting treatment plan must consider Slaughter's theory of fields of cancerisation.
Assessment of the diagnostic value of particular estimation parameters adapted from colposcopy after examining oral mucosae by means of direct microscopy revealed that estimation of sub-epithelial vessels was the most useful and predictable. The therapeutic and prognostic meaning of that parameter in direct oral microscopy seemed to be the most significant in evaluating mucosal margins around invasive OSCC. Every patient presented either pathologic vessels of the first degree according to Madej or punctation vessels. Moreover, all patients had atypical sub-epithelial capillaries visible a considerable distance from the oral mucosal margins. These were pathologic vessels of the first degree according to Madej in 80% of patients and the remaining 20% of individuals presented punctation vessels. A strong positive statistical correlation was also observed between the presence of atypical sub-epithelial vessels in oral marginal mucosae and other disorders in the marginal mucosae seen by direct oral microscopy. This observation is concordant with the well-known and already discussed angiogenic action of invasive tumours. The picture of atypical sub-epithelial vessels a considerable distance from the mucosal margins of invasive OSCC may further confirm Slaughter's theory of fields of cancerisation and should result in increased oncologic vigilance, because second primary tumours may develop in those sites in the future. In the authors' opinion, this is another reason for accepting direct oral microscopy as a valuable tool for in vivo oral mucosae examination and subclinical detection of pathology. Comparing those observations to colposcopic pictures of invasive cervical cancers, the presence of pathologic sub-epithelial vessels around the tumours is evident. Those capillaries frequently spread through the entire vaginal portion of the uterine cervix, hindering depiction of colposcopically healthy mucosae. They usually present as punctation capillaries, pathologic vessels of the first and second degree according to Madej, where the latter constitute de novo in cases of advanced tumours [21, 22, 24] . The significant similarity between atypical vessels observed via direct oral microscopy around invasive OSCC and pathologic vessels observed by colposcopy in patients with invasive cervical cancers should also be noted.
Conclusions
The adaption of in vivo tissue imaging techniques that are commonly utilised in gynaecology and dermatology to diagnose oral mucosae constitutes a novel research field that aims to improve the diagnosis of oral pre-cancers and cancers and improve their treatment outcomes. The results obtained in this study strongly support that idea. The availability of precise diagnostic equipment, together with a growing social awareness concerning oral cavity health, raises the hope that these goals may be achieved in the near future.
